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Experiments on the Plow of Steam 
Through Small Pipes.
The following experiments were made at the Mechanical Engineer­
ing Laboratory at the University of I l l in o is  to determine the weight 
per minute, and ve loc ity  o f  steam flowing through several sizes and 
lengths of small pipes, with a given loss of  pressure.
The apparatus used in the experiments is shown in the photo­
graph page 2, and consists of a receiver, a Fisher reducing valve, 
a calorimeter, two steam gages and a thermometer. The receiver was 
made of a tee and two short pieces o f  four inch steam pipe, as shown 
in the drawing page 3. A and G are reducing bushings for one and 
one-half inch pipe. B is a reducer for one inch pipe. Steam en­
ters the receiver through the one and one-half inch pipe H, which 
extends twelve inches into the receiver. P is a 1 1/2 X 3/4  X 1 1/ 2  
inch tee with a deep thermometer o i l  cup in the 3/4  inch end. L is 
the experimental pipe and is f i t ted  into the bush G with reducers. 
The pressure in the receiver was observed on the gage at E. The 
gage on the reducing valve was also read as a check on the other. 
Both gages were Schaffer and Budenberg, Bourdon spring gages; the 
one on the receiver reading from 0 to 100 pounds and graduated to 
two pounds; the one on the reducing valve reading from 0 to 150
i
pounds and graduated to f iv e  pounds. The gages were calibrated by
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comparison with a Crosby steam gage tester before the experiments 
were begun, several times during the course o f  the experiments, and 
after they were completed; at each calibration the gages were found 
to be in good condition.
The pipes used in the experiments were standard size steam pipe 
and wore used in the condition in which they came from the mill ex­
cept that when they had to be cut with a hand cutter, the burr made 
by the cutter was reamed o f f .  Straight pipes without valves or el ls  
were used in a l l  the experiments. The pipe was supported by iron 
brackets about 8 feet apart, placed on the window casings of the 
south side of the laboratory, and was la id with a f a l l  of one inch 
in ten fee t .  The f i r s t  16 feet o f  pipe measuring from the receiver 
was inside of the boiler house, the next th irty  feet  was outside and 
3 l/2 inches from the wall o f  the building, the remainder was 22 
inches from the wall.
Boiler No. 1 of the M. E. Shop battery was used to supply steam 
for the experiments. The apparatus shown in the photograph was at­
tache’ to the boiler  by about twelve feet  o f  one and one-half inch 
pipe and had a globe valve and two e l ls  besides those shown. The 
pressure on the receiver was regulated to that at which i t  was de­
sired to make the experiment, by throttl ing the steam with the globe 
valve, R, shown in photo on right side o f  reducing valve; there was 
no d i f f i c u l t y  in maintaining the pressure very nearly constant in
this way. As the reducing valve required considerable time to ad­
just i t  for  d i f ferent pressures i t  was not used after the f i r s t  six 
or eight experiments were made; i t  was then adjusted so that the 
steam passed through without being reduced. The temperature of the 
steam was observed by the thermometer in the o i l  cup$ in this way 
i t  was known whether the steam was superheated or not by the throt­
t l ing .  I t  was found, that i f  the steam was throttled so as to re ­
duce the pressure 50 or 60 pounds, that i t  was usually superheated 
and for the rest o f  the experiments the boiler  pressure v;as not more 
than 30 or 35 pounds above that at which the experiment was made.
The quality o f  the steam in the receiver was determined with a 
Sarpenter Separating Calorimeter attached at D in the drawing. The 
collecting nipple extends 2 l/2 inches into the top of  the receiver 
and is a l/2 inch gas pipe with l/8 holes d r i l led  in i t  and the end 
closed. In operating the calorimeter, steam was allowed to flow 
through the separating vessel until the escaping steam looked dry; 
the hose to the condensing vessel was then connected and a fter  steam 
had been condensing for a minute or two, readings of the scales were 
taken. Pour or f i v e  observations o f  the scale readings were usually 
made during each experiment, a l l  readings being made while the.ca l­
orimeter was running; from this data three or four calculations of 
moisture were made and the average taken.
The weight o f  steam flowing was determined by reading the
Iheight o f  water on the gage glass at the beginning and end of an 
experiment and finding the weight of water used from a calibration 
curve for the boiler ,  then making corrections to this weight for 
moisture in the steam and for  the difference in density of hot water 
and the cold water with which the boi ler  was calibrated, and for the 
weight o f  steam used by the calorimeter and removed as condensation 
at the receiver. A l l  of the experiments, with the exception of two 
or three, were o f  from 35 to 40 minutes duration, but only the
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weight of steam flowing in th irty  minutes was used in the calcula­
tions.
The data for  the calibration curve was obtained by f i l l i n g  the 
boi ler  with cold w'ater to a height o f  about ten inches on the gage 
and weighing i t  omt, 50 pounds at a time, down to the zero of the 
scale. The height of water on the gage was read on a wooden scale 
graduated to tenths o f  inches, which was placed beside the gage 
glass. The curve in Pig. 2 was plotted from thisdata with inches 
on gage glass as abscissae and pounds of water as ordinates; i t  cov­
ers the range through which the height o f  water changed during the 
experiments. The boiler was also f i l l e d  fu l l  of water and then a l l  
weighed out. The curve in Pig. 3 was plotted from this data; i t  
checks very well with the curve in Pig. 2.
The curve’ in Pig. 2 was used in determining the weight of 
steam for  the experiments. Before beginning an experiment the boil-
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er was f i l l e d  up to a height of  about seven inches on the gage and 
steam allowed to flow through the apparatus. The pressure in the 
receiver was regulated to that at which it  was desired to make the 
experiment, and the experiment begun a fter  the apparatus had been 
running steadily for some time. In the f i r s t  f i f teen  or twenty ex­
periments the height o f  water was read every f ive  minxites; in the 
remainder i t  was read every ten minutes. No water was put into the 
boiler during an experiment and the height o f  water was always read 
with the water going down. The blow o f f  pipe was disconnected so 
that any leakage at that point could be detected; great care was 
taken to see that a l l  valves were closed t ight, so that no steam 
could get out o f  the boi ler  without going through the apparatus.
The condensation which collected in the receiver was let out through 
the valve K shown in the drawing; the valve was set so as to leak 
s l igh t ly  and the condensation and small amount o f  steam that escaped 
was' caught by dipping the end of the drip pipe into a bucket of wa­
ter. The weight o f  water obtained from the calibration curve was 
corrected for moisture in the steam by the results of the calorime­
ter experiments.
Several methods were tr ied  to get at the correction to be made 
for the difference in density o f  the water. One method v^ as to find 
what the per cent o f  the weight o f  a cubic foot o f  water, at temper­
atures corresponding to 30, 40, 50, 60, etc. pounds o f  pressure, was
o f  the weight o f  a cubic foot at the temperature o f  the v/ater used 
in calibrating the boi ler .  The curve A, £ig. 4 was plotted from 
this data. The weight per cubic foot of v/ater at d i f ferent temper­
atures was taken from a table given by Thurston in his "Engine and 
Boiler Tr ia ls" .  Another method was to f i l l  the boi ler  with cold 
water to a height of six or seven inches on the gage and gradually 
raise steam up to 90 pounds pressure and reading the height of water 
for each ten pounds increase of pressure. The ratio of  the weight 
of the hot water to the cold v/ater was then obtained by dividing the 
total weight of v/ater in the bo i ler  at the beginning o f  the exper­
iment by the weight of  water obtained from the calibration curve for 
the heights of v/ater on gage corresponding to the d i f ferent pres­
sures. The curves B1 and B2 (Pig* 4) were plotted from data obtain­
ed in this way. Although the two experiments give results very 
nearly a l ike , they seem to be too large compared with the results 
obtained by the f i r s t  method.
After a l l  of the experiments on the pipes had been completed a 
Wheeler Surface condenser had been put in the laboratory. I t  v/as 
connected to the boiler and experiments made by condensing the 
steam and weighing i t  in a tank. in making these experiments the 
boiler was f i l l e d  as when making experiments on the pipes. The 
height of  water on the gage was read each time the condensed steam 
was v/eighed. By dividing the v/eights obtained in this way by the

weight obtained from the calibration curve for the corresponding 
heights on the gage, we get a ratio o f  the weight o f  the cold water 
to the hot. For f i fty-one pounds boiler pressure the value obtained 
was .88; for 67 pounds, .855/86 and.87. These points are marked
) at the bottom o f  the diagram (F ig .4). The value for 67 pounds 
for the cui've A is .912. As the conditions under which these last
r-
experiments were made are very nearly those at which the boiler was 
used, .87 was taken to make the correction on the weights obtained 
from the calibration curve. A calibration curve for the bo i ler  
could have been plotted with the weights obtained by condensing the 
steam, but as the pump did not work steadily, the water was not a l ­
ways drawn o f f  as fast as i t  was condensed, and the curve would have 
been very irregular.
Experiments were made with pipes 3/4, 1, and 1 l/4 inches in 
diameter, 49 and 100 feet in length. Five experiments were made on 
a one-half inch pipe 49 geet in length but as the area o f  the pipe 
was reduced about 1/ 3  by a burr at one o f  the couplings, the re­
sults have not been used. Table 1 shows the d if ferent pressures at 
which experiments were made on each size and length o f  pipe. The 
pressures given in the table are the gage pressures observed on the 
receiver. The terminal pressure in a l l  the experiments was that of 
the atmosphere.
The following forms o f  logs were kept during the experiments:
Log o f  Experiment No. 57. Ap r i l  25, ’ 96
Time:Receiver rReducing rKeight o f :Boiler  :Tempera- :Temperature
:Gauge :Valve :Water on : Gauge :ture of :o f  external
:Pressure• :Gauge : Gauge :Pressure : Steam. P . :a i r .  F.
: ________ :Pressur e :g lass. ins:___ _____ _ :__________:_____________
9:12: 25 : 25 : 7.13 : 50 : 265 : —
9.22: 25 ; 25 ; 6.8 : 50 : 0 69
9.32: 25 : 25 : 6.51 ; 52 : 266 : —
9.42: 25 : 25 : 6.23 : 55 : — 2 —
Calorimeter Log for Experiment No. 57.
Time:Height o f  water 
:o f  Separator.
on scale:Height o f  water on scale 
:o f  Condensing Vessel.
9.30: 3.7 : .75
9.35: 6.7 : 2.1
:9.40: 9.5 3.25
The data and results of  the experiments are given in the f o l ­
lowing tables. The headings w il l  explain the tables. The results 
of the experiments are plotted in the accompanying diagrams (Pigs. 
5 to 13). The formula from which the flow of steam per minute is 
calculated is
in which W - the weight in pounds avoirdupois, d * diameter in 
inches, D = weight of steam'per cubic foot; Pj_ the in i t ia l  pressure, 
P2 the pressure at end o f  pipe and L the length o f  feet .  This is 
an approximate formula said to have been proposed by Mr. Geo. H. 
Babcock; several tables for  the flow of steam have been calculated 
from i t .  The actual diameters of the pipes as given by Briggs 
Standard were used in the calculations.
The ve loc ity  o f  the steam given in the tables were calculated 
by the formula
in which V = the ve loc ity  in feet per second, W = weight of  steam 
in pounds per minute by experiment, D = weight of steam per cubic 
foot,  a = area o f  pipe in square feet .  The area o f  the pipe was ta­
ken from Briggs standard and reduced to square feet .  In calculating 
the ve loc ity  at entrance o f  pipe the density of  steam at receiver 
pressure was used; for the ve loc ity  at terminal of pipe the density 
at 15 pounds absolute was used and the steam assumed to be saturated
V = ¥ -r (D X a X 60)
although i t  may have been superheated, as no observations of the 
temperature were made. No account has been taken of condensation in 
the pipe, but i t  is probably small as the number o f  square feet of 
surface in the sizes of pipes used in the experiments is not large. 
Buel’ s Steam Tables were used for the properties of steam used in 
the calculations.
I t  should be noted that on account of the small cross section 
of the receiver that the steam would have a considerable velocity 
through the receiver, and that a higher velocity  is probably attain­
ed through the pipe than would be produced by the pressure on the 
rece iver .
From an inspection of the curves for the weight of steam flow­
ing per minute i t  is seen that the observed flow is  greater than the 
flow calculated by the formula in a l l  but two cases; the exceptions 
ate the experiments on the 100 foot length o f 1 l/4 inch pipe and 
the experiment at 49 pounds on the 49 foot length of the same size. 
The curves for the experiments on the 100 foot lengths of a l l  the 
pipes used are nearly para l le l  to the curves for the formula and 
d i f f e r  but l i t t l e  from them. The results for the 49 foot lengths 
vary more from the results of the formula than do those o f  the 100 
foot lengths. From the curve for 3/4 inch and the direction of the 
curves for 1, 1 1/4  inch pipes, 49 geet long i t  would seem that 
there is a pressure at which we would get a maximum flow, and that
in the same way as for the flow of steam through o r i f i c e s ,  increas­
ing the pressure beyond this point would not increase the flow. By 
a comparison of the curves for the 49 and 100 foot lengths of pipe 
i t  appears that the difference o f  pressure required to produce a 
maximum flow depends upon the length, as there is no appearance of 
the curves for the 100 foot lengths changing this direction within 
the range o f  pressures at which the experiments have been made.
An inspection o f  the curves for velocity  at the end o f  the 
pipes, show that the ve loc ity  gradually increases with the increase 
of the in i t ia l  pressure. The curves for the ve loc ity  at the begin­
ning of  the pipes show that the velocity  changes but l i t t l e  for a 
given size and length of pipe, when the pressure is increased; that 
for the 49 foot lengths a maximum ve loc ity  is reached and for  fur­
ther increase o f  pressure the ve loc ity  decreases. The maximum ve­
loc i ty  for the 3/4 inch pipe is obtained with an in i t i a l  pressure of 
35 pounds; for the 1 and 1 1/ 4  inch pipes the maximum is reached at 
25 pounds in i t ia l  pressure. The ve loc ity  also s l igh t ly  increases 
with the increase in the size of pipe.
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